142 (e) z.
5,032,491
1.
METHOD OF FORMING A FINE PATTERN BACKGROUND OF THE INVENTION 1. Field of the Art
This invention relates to a method of forming a fine pattern, and more particularly a method of forming a fine pattern of less than submicron order in a manufac turing of a VLSI (Very Large Scale Integrated Circuit).
Prior Art
Photoresists have been conventionally used for form ing a pattern in manufacturing of LSI. Among two types of photoresists, a positive resist having resolution superior to that of a negative resist is generally used for forming a fine pattern of less than submicron order. However, with such a positive resist, it is ordinary that fine space pattern or opening pattern inferior to the resolution is only formed. . In addition, as a result of the fact that light having a short wavelength is used for exposure in the formation of pattern of submicron order in recent years, the depth of a focus becomes shallow, resulting in difficulty in coping with such a circumstance that there is any offset on a substrate.
SUMMARY OF THE INVENTION
This invention has been made in consideration of the above circumstances, and has an object to provide a method of forming a fine pattern of photoresist, which permits a fine pattern of limit resolution of photoresist or less than that irrespective of an offset on a substrate, and which has a reduced number of process steps.
A method of forming a fine pattern according to this invention is characterized in that the method includes a first step for coating a photoresist on a surface on which a pattern is to be formed, a second step for forming recessed portions defining a predetermined fine pattern in the photoresist so that the recessed portions are ex posed to the outside, a third step for depositing a mate rial having an etch rate different from that of the photo resist into the recessed portions, and a fourth step for removing the photoresist with the material deposited within the recessed portions being as a mask. A conventional method of forming a pattern using a photoresist will be described with reference to FIGS. 7 and 8. In the case of depositing a photoresist, e.g., hav ing a resolution of 1 um on a substrate 1, thereafter to form a pattern using a mask pattern of line/space having a width of 1 um, there is a tendency that photoresists 42 having been subjected to patterning on lines become narrow, whereas spaces 43 become broad as shown in FIG. 7 , so that it is practically difficult to form a pattern of line/space having a width of 1 um. Even in the case of forming a pattern of contact holes of 1 um in dimen sion in a manner similar to the above, because the side surfaces of respective photoresist 42 having been sub jected to patterning have a regular taper or inclination in the vicinity of the limit resolution of the pattern, it is also impossible to open contact holes of lum using such photoresists.
Further, since, e.g., a polysilicon layer or a silicon oxide film is ordinarily formed on the substrate 1 and there is an offset of about 1 um in the film 44 to be subjected to patterning, there occurs a difference in the film thickness of photoresist in coating photoresist.
Thus, the film thickness of the photoresist becomes uneven because of such an offset, so that it is difficult to obtain an optimum condition for exposure and develop ment of the entirety of photoresist. Namely, an opti mum condition for exposure and development at the portion which is thick in the thickness of the photoresist is different from that at the portion which is thin therein. At the portion which is thin in film thickness, exposure and development become excessive by any means. Accordingly, spaces or contact holes are to become large. Especially, as a result of the fact that times of submicron order have come and exposure has been carried out using light having a short wavelength, the depth of a focus becomes equal to the order of 1.0 or 0.5 m, resulting in the tendency that the exposure condition changes to much degree accordingly. The space 46 at the portion which is thin in the film thick ness of the photoresist 45 having been subjected to patterning in this way becomes larger than the space 47 at the portion which is thick in the film thickness thereof. In opening contact holes in a portion which is thick in the film thickness of the photoresist, even in the case that such contact holes could be opened, residues appear on the bottom portions of the opened contact holes since they may not be sufficiently subjected to cleaning at the time of development because of large aspect ratio, resulting in the possibility that the opening yield is lowered.
As just described above, in the conventional method of forming a fine pattern, there were problems that it is impossible to form a fine pattern of photoresist with a limit resolution of photoresist or less than that, and that a pattern of photoresist formed becomes uneven in di mensions because of unevenness of the film thickness of photoresist resulting from an offset on a substrate.
On the other hand, for a method of forming a fine pattern, there has been conventionally known a method called a multi-layer resist process or stacked resist pro A method of forming a fine pattern according to a first embodiment of this invention will be described with reference to FIG. 1. On a substrate 1, a film 2 of a conductive film, such as, for example, a polysilicon film or an aluminum film is formed. The film 2 subjected to patterning in accordance with a wiring pattern includes an offset on the surface thereof. A photoresist3 is suffi ciently thickly coated on the film 2 to thereby eliminate the offset so that the photoresist 3 surface becomes planar. Since the photoresist 3 surface subject to expo sure is thus planarized, there is no possibility that focus undesirably deviates from a normal position, with the result that the stepper (stepping projection aligner) can exhibit the maximum performance. In the first embodi ment, the thickness of the photoresist 3 was about 2 um (FIG. 1(a) ).
Then, by using a mask having positive/negative sur faces opposite to those of a mask conventionally used, a pattern having a width of 1 plm is transferred onto the photoresist 3. At this time, the condition for exposure and development is set such that a photoresist having a film thickness of substantially 0.5 pum is subjected to exposure and development to form recessed portions 4 at the top surface of the photoresist 3 and having a width of 1 um and a depth of substantially 0.5 um in the layer formed by the photoresist 3. At this time, photore sist 3 sides defining respective recessed portions 4 have a gentle regular taper or inclination (FIG. 1(b) ). The provision of such regular tapers is convenient in that the film is prevented from being brought into a perforated state at the time of formation of the film.
In the case of forming a pattern having a width of 1 um, when each recessed portion 4 has a width of 1.2 um and each portion between adjacent recessed portions 4 has a width of 0.8 um, exposure is easily conducted, and the width of the wiring portion formed below each recessed portion at the subsequent process step becomes equal to 1.2 um, so that the wiring width is allowed to be broad in comparison with the pitch (2 um), thus permitting a large current to flow.
Using LPD (Liquid Phase Deposition) method (see Japanese Laid-Open Patent Publication No. 57-196744) , an SiO2 film (glass layer) 5 is deposited on the photore sist 3. This deposition method is to immerse a substrate into an immersion liquid of hydrofluoric acid (H2SiF6) supersaturated with SiO2, and is characterized in that the film thickness is entirely uniform. In accordance with this method, since deposition is enabled at a tem perature nearly equal to a room temperature, there is no possibility that photoresist is damaged even if SiO2 film is deposited on photoresist. In the first embodiment, SiO2 film 5 having a film thickness of about 0.7 um was deposited to completely fill therewith recessed portions 4 having a width of 1 um in the layer formed by the photoresist 3 (FIG. 1(c) ).
Then, etch back is applied to the entire surface of the SiO2 film 5, thus allowing SiO2 film 6 to remain only within the recessed portions 4 formed in the photresist layer 3 (FIG. 1(d) ). At this time, diluted fluoric acid was allowing photoresists 7 to remain below the SiO2 films 6. Thus, a photoresist pattern is formed by these remain ing photoresists 7 (FIG. 1(e) ). Thereafter, although not shown, with the SiO2 films 6 and the remaining photore sists 7 being as a mask, the underlying film 2 is subjected to etching to implement patterning of the film 2. By this patterning, a fine wiring pattern of film 2 of a conduc tive film, such as, for example, a polysilicon film or an aluminum film having an offset is formed.
As just described above, in accordance with the first embodiment, a pattern having a limit resolution of pho toresist can be provided also in a photoresist formed on a foundation or underlying layer having an offset, and particularly the space pattern can be formed so that it is finer than resolution.
A method of forming a fine pattern according to a second embodiment of this invention will be described with reference to FIG. 2. On a substrate , a film 8 of a conductive film, such as, for example, a polysilicon film or an aluminum film similar to that in the first embodi inent is formed. In the case of the above-mentioned first embodiment, film 2 is subjected to patterning into wir ing lines having a width of 1 p.m. In contrast, the second embodiment is concerned with the case that film 8 is subjected to patterning into wiring lines having a vari ety of different widths. After a photoresist 9 is thickly coated on the film 8, recessed portions 10, 11 and 12 exposed to the outside, and having a depth of approxi mately 0.5 pm and a diversity of widths are formed in the layer formed by the photoresist 9. The pattern side surfaces of the photoresist 9 defining these recessed portions 10, 11 and 12 have a gentle regular taper or fluoric gas obtained from CF4/O2 plasma, or etching may be conducted by RIE (Plasma Etching) method using CHF3/O2 as its main component.
With the SiO2 films 6 remaining within the recessed portions 4 being as a mask, by RIE method using an etching gas containing O2 as its major component, ani sotropic etching of the photoresist 3 is carried out, thus 65 inclination (FIG. 2(a) ).
Using LPD method, a silicon film 13 having a film thickness of about 1 um is deposited on the photoresist 9. However, even if SiO2 film 13 is thickly deposited in this way, it is not completely filled within the recessed portion 12 having a width of 2 um or more, so that a recessed portion 14 exposed to the outside remains in the SiO2 film 13 (FIG. 2(b) ). A photoresist 15 is then coated on the SiO2 film 13 by spin-coating method to fill the recessed portion 14 in the SiO2 film 13 therewith, thus allowing the photoresist 15 surface to be planar (FIG. 2(c) ).
By RIE method using an etching gas containing C2F6/CHF3/O2 as its major component, etching of the photoresist 15 and the SiO2 film 13 is carried out. At this time, the etching condition is set so that etch rates for the photoresist 15 and the SiO2 film 13 are nearly equal to each other. By etch back under this condition, SiO2 films 16, 17 and 18 are caused to remain only within recessed portions 10, 11 and 12 in the photoresist 9, respectively, (FIG. 2(d) ).
With the SiO2 films 16, 17 and 18 respectively remain ing within the recessed portions 10, 11 and 12 being as a mask, anisotropic etching of the photoresist 9 is car ried out by RIE method using an etching gas containing O2 as its major component, thus allowing photoresists 5,032,491 5 As just described above, in accordance with the method of forming a fine pattern using photoresist of the second embodiment, a line pattern having various widths can be obtained and the space pattern is formed so that it is finer than resolution.
Then, a method of forming a fine pattern according to a third embodiment of this invention will be de scribed with reference to FIG. 3 . On a substrate 1, a film 20 of an insulating film, such as, for example, a silicon oxide film is formed. In the case of the above-mentioned first and second embodiments, films 2 and 8 formed as a conductive film, such as, for example, a polysilicon film or an aluminum film are subjected to patterning. Differ ently from this, the third embodiment is concerned with the case that fine holes such as contact holes are opened in a film of an insulating film. After a photoresist 21 having a film thickness of about 1.5um is first coated on the film 20, exposure and development processing is applied to predetermined sites or portions to remove them so that recessed portions 22 having a depth of 1 um are formed, thus leaving projecting portions 23 only at sites corresponding to openings (FIG. 3(a) ).
Using LPD method, a SiO2 film 24 having a film thickness of 0.3 um is deposited on photoresists 22 in cluding projecting portions 23 (FIG. 3(b) ). Further, a photoresist 25 is coated on the SiO2 film 24, thus allow ing the photoresist 25 surface to be planar. To realize (FIG. 3(c) ).
Then, with the remaining SiO2 films 26 being as a mask, by RIE method using an etching gas containing O2 as its major component, anisotropic etching of the photoresist 22 is carried out. At this time, photoresists 25 on SiO2 films 26 are removed by etching. However, since SiO2 films 26 are little subjected to etching, only photoresists 22 of the projecting portions 23 corre sponding to openings are removed by etching, so that photoresists 27 remain below the SiO2 films 26, respec tively (FIG.3(d) ). By these remaining photoresists 27, a photoresist pattern is formed. Thereafter, although not shown, with the photoresists 27 being as a mask, the film 20 is subjected to etching. Thus, fine contact holes are formed in the film 20 of an insulating film such as a silicon oxide film.
As just described above, in accordance with the method of forming a fine pattern using photoresist of the third embodiment, it is possible to form contact holes finer than a limit resolution of photoresist.
Meanwhile, when exposure is conducted using elec tron beam in forming an uneven pattern on the surface of photoresist thickly coated in the above-described first to third embodiments, the photoresist has little influence of back scattering from the substrate at the time of exposure because it is thick, resulting in no need of back scattering correction having been implemented. Thus, writing is simplified to much extent. In the case of electron beam, such an effect may be obtained by using a condition where an acceleration voltage at the time of writing is set to a small value, thus to expose only the outermost layer portion having a depth of 0.3 to 0.5um of the surface of the photoresist thickly coated. In the case of exposure using light, the photoresist pattern may be collapsed by reflected light from the substrate, and particularly in the case that a film sub jected to etching with such a photoresist being as a mask is an aluminum film, pattern collapse may conspic uously appear to such an extent that it is called "in versed mustache', or the side surfaces of the photoresist may become notched by interference light, giving rise to a cause of unevenness in dimensions. However, be cause of the fact that the film thickness of the photore sist is thick, and that only the outermost layer portion of the photoresist is subjected to exposure and develop ment in the above-described first to third embodiments, such a phenomenon does not occur in any degree.
In addition, because there is no need that the depth of recessed portions formed in the resist layer is not so deep, times for exposure and development are reduced. Especially, the exposure time by stepper is reduced, resulting in greatly improved producibility.
Then, a method of forming a fine pattern according to a fourth embodiment of this invention will be de scribed with reference to FIG. 4. On the substrate 1, a film 28 constituted as an insulating film, such as, for example, a BPSG (Boro-Phospho-Silicate Glass) film formed using CVD (Chemical Vapor Deposition) method is formed. After a photoresist having a film thickness of about 1.5 um is coated on the film 28, pho toresists at sites corresponding to opening portions are removed so that the diameter of the photoresists re moved takes a value as minimum as possible, e.g., 1.2 um in the fourth embodiment, thus to form a photoresist 29 having been subjected to patterning. Further, using LPD method, an SiO2 film 30 having a film thickness of 0.3 plm is deposited on the entire surface (FIG. 4(a) ).
Then, RIE etchback of the SiO2 film 30 is carried out to form spacers 31 comprised of remaining SiO2 films on the photoresist 29 side surfaces. In the fourth embodi ment, the widths of these spacers 31 were 0.25 pum (FIG. 4(b) ). Thereafter, although not shown, with the photoresists 29 and the spacers 31 being as a spacer, the film 28 is removed by etching. Because remaining spac ers 31 become unnecessary after contact holes are opened, they are removed by diluted fluoric acid after the photoresists 29 are removed. Since the etch rate for spacers 31 comprised of SiO2 film deposited by LPD method with respect to diluted fluoric acid is faster 5 to 10 times than the etching speed for the film 28 of BPSG film deposited by CVD method, the film 28 was not subjected to etching to a great extent in etching the spacers 31.
As just described above, in accordance with the fourth embodiment, because of presence of spacers 31 on the photoresist 29 sides, it is possible to open contact holes finer than minimum ones which can be formed using photoresist 29, in the film 28 of an insulating film such as a BPSG film. In addition, the side surfaces of the films 28 defining contact holes are to have a tape or inclination at the same time, thus greatly contributing to an improvement in step coverage in depositing film at the subsequent steps.
While the contact pattern in the case of opening fine holes such as contact holes has been described in the above-mentioned fourth embodiment, this invention can be similarly applied to a wiring pattern in the case of carrying out patterning of wiring lines and spaces.
A modification of the fourth embodiment will be described with reference to FIG. 5. After portions of a film 33 is subjected to etching with the photoresists 32 Finally, a method of forming a fine pattern according to a fifth embodiment of this invention will be described 5 10 8 film having an offset on the surface thereof, wiring lines comprised of such a film 36 having an extremely small width can be formed.
It is to be noted that while non-sensitive organic film is used and electron beam is used for exposure of the photoresist on the organic film in the above-mentioned fifth embodiment, light may be used for exposure. In that case, an opaque material for preventing reflection may be used for the underlying organic film, thus pre venting lowering of resolution of the photoresist caused by a reflected light from the underlying layer.
Further, while pattern transfer to the photoresist is conducted by using light or electron beam in the above mentioned first to fifth embodiments, the same effect with reference to FIG. 6. On a substrate 1, a film 36 of 15 a conductive film, such as, for example, a polysilicon film or an aluminum film is formed in a manner similar to that in the above-mentioned first and second embodi ments. The film 36 subjected to patterning in accor dance with a wiring pattern has an offset on its surface. An organic film 37 which is not sensitive and is not also active with electron beam is sufficiently thickly coated or deposited to thereby eliminate the offset, thus allow ing the organic film 37 surface to be planar. This or ganic film is composed of a material obtained by exclud ing sensitive agent from photoresist. In the fifth embodi ment, the thickness of the organic film 37 was about 2 um (FIG. 6(a) ).
Further, a photoresist having a film thickness of 0.5 um is coated on the organic film 37. As just described above, a double-layered film comprising organic film 37 and photoresist is used in the fifth embodiment in place of the photoresist 3 in the above-mentioned first em bodiment.
Then, a pattern having a minimum width of 0.6 pum is transferred onto the photoresist. At this time, exposure is conducted by using electron bean. Thus, photoresists 38 having been subjected to patterning into extremely small spaces are formed on the organic film 37 ( Using LPD method, a SiO2 film is deposited on the entire surface. Then, the SiO2 film is subjected to etch back over the entire surface thereof, thus allowing SiO2 films 40 to remain only within recessed portions 39 formed by photoresists 38 having been subjected to patterning into extremely small spaces (FIG. 6(c) ). With the SiO2 films 40 remaining within the recessed portions 39 being as a mask, anisotropic etching of the photore sists 38 and the organic film 37 is carried out, thus al lowing organic films 41 to remain below the SiO2 films 40. At this time, by RIE method containing O2 as its major component, etching of the organic film 37 can be carried out completely in the same manner as that in etching of the photoresist. Thus, an organic film pattern is formed by the remaining organic films 41 (FIG. 6(d) ). Furthermore, a method of depositing SiO2 film onto the photoresist having been subjected to pattern trans fer is not limited to LPD method employed in the above-mentioned first to fifth embodiments, such as deposition may be conducted by using other means for depositing film at a low temperature, e.g., non-elec trolytic plating method, sputtering method, bias sputter ing method, etc.
Also in connection with the film to be deposited, as long as a material has a different etch rate and can be used as a mask in etching photoresist or organic film by RIE method using an etching gas containing O2 as its major component, such a film to be deposited is not limited to SiO2 film, but may be metal film or silicide film.
In addition, while positive resist is used for photore sist in the above-mentioned first to fifth embodiments, this invention can be applicable to negative resist.
Advantages with the Invention
As stated above, in accordance with this invention, a fine pattern of less than limit resolution of resist can be formed, and the number of process steps can be reduced as compared to the conventional multi-layer resist pro CSS.
What is claimed is:
1. A method of forming a fine pattern, comprising the steps of: coating a photoresist on a surface on which a pattern is to be formed;
forming a plurality of recessed portions defining a predetermined fine pattern at the top surface of said photoresist; depositing a material having an etch rate different from that of said photoresist into said recessed portions, said material being deposited by a liquid phase deposition method; and removing said photoresist with said material depos ited within said recessed portions being as a mask. 2. A method of forming a fine pattern as claimed in claim 1, wherein said coating step comprises sufficiently thickly coating said photoresist so that the surface of said photoresist becomes planar even if said surface on which a pattern is to be formed has an offset.
3. A method of forming a fine pattern as claimed in claim 1, wherein said depositing step comprises deposit ing said material on the entire surface of said photore sist, thereafter to apply etch back to said material, thus allowing said material to remain within said recessed portions.
4. A method of forming a fine pattern as claimed in claim 3, wherein a second photoresist is formed on said deposited material, thereafter to apply etch back to said 9 10 immersing said surface into an immersion liquid of an Second photoresist and said material, thus allowing said acid saturated with SiO2. 
